Europaisches Patentamt 
^ All! Fnrooaan Patent Office 

Office europeen des brevets 



(n) Publication number : 0 451 706 B1 
EUROPEAN PATENT SPECIFICATION 



fii) Date of publication of patent specification : 
23.02.94 Bulletin 94/08 



© int. CI. 5 : B01J 39/22, C12N 11/00, 
B01J 41/16, C12N 5/00 



Application number: 91105349.4 



) Date of filing : 04.04.91 



<S} Ultra-lightweight, open-pore foamed cellulose materials with large surface areas, having 
W ion-exchangeable functional groups introduced therein. 



The file contains technical information 
submitted after the application was filed and 
not included in this specification 



(30) Priority : 06.04.90 JP 90258/90 

(S3) Date of publication of application : 
16.10.91 Bulletin 91/42 

(45) Publication of the grant of the patent : 
23.02.94 Bulletin 94/08 

©Desiqnated Contracting States : 
at dc r.u nr nK PR GB IT U SE 



(73) Proprietor : SAKAI ENGINEERING CO., LTD. 
No. 15-1, Hanandonaka 2-chome 
Fukui-shi, Fukui-ken (JP) 
Proprietor : AGRO-SYSTEMS CORPORATION 
LIMITED 

18-2, Bunkyo 1-chome 
Fukui-shi, Fukui-ken (JP) 

(72) Inventor : Matsui, Tomomi 
No. 33-3, Nittazuka 1-chome 
Fukui-shi, Fukui-ken (JP) 
Inventor : Yasuda, Kimiaki 
No. 129, Heisei, Matsuoka-cho 
Yoshida-gun, Fukui-ken (JP) 
Inventor : Nojiri, Michiyo 
No. 11-13, Haruyama 2-chomo 
Fukui-shi. Fukui-ken (JP) 



(§6) References cited : 
EP-A- 0 420 171 
FR-A- 1 297 504 
FR-A- 2 348 942 
GB-A- 2 178 447 
US-A- 4 332 916 



Sakai-gun, Fukui-ken (JP) 

@ Representative : Muller-Bore & Partner 
Patantanwalte 
Postfach 26 02 47 
D-80059 Munchen (DE) 



fSfCnM ^opposition fee has been paid (Art. 99(1) European patent convenfaon). 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



EP 0 451 706 B1 



Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to an open-pore foamed cellulose material used as carrierfor ion exchangers 
and culturing animal cells, which is easy to handle and has a large surface area per unit weight. 

More particularly, this invention concerns a cellulose ion exchanger obtained by the introduction of an ton- 
10 exchangeable functional group in an open-pore foamed cellulose material, which is easier to handle and larger 
in terms of the surface area per unit weight than conventional gel-like ion exchangers. This invention is also 
directed to an animal cell culture carrier which is easier to handle than conventional animal cell culture micro- 
carriers and can culture animal cells while the cells are immobilized thereon at high densities, without deteri- 
ment to an environment well suited for cell growth. 

J5 

Statement of the Prior Art 

Industrial ion exchangers so far used in the art has their origin in a discovery by Adam et al in England in 
1 935 that condensates of phenolic compounds with formalin absorb alkalis while condensates of aniline-based 
20 compounds with formalin do acids. The commercialization began with success for the first time in Germany 
in 1938. Since then, they have enjoyed steadily increases indispensable to industrial purposes, inter alia, water 
disposal. 

Most of these ion exchangers, based on resins, are of a hydrophobic nature on their surfaces. Depending 
upon what is ion-exchanged or, in more illustrative terms, when polymeric materials, e.g. hydrophilic biopoly- 

25 mers such as proteins, are ion-exchanged, they may often produce unfavourable effects due to their hydro- 
phobic interaction with such polymers. This is for one thing, attributable to difficulty involved in elution opera- 
tion, partly because ion bonds take no part in adsorption; for another, repellency takes place through electro- 
static or van der Waals' force, resulting in a serious drop in adsorptivity. 

Cellulose-based ion exchangers developed by Sober et al in 1954, on the other hand, are of so strong a 

30 hydrophilic nature on their surfaces, that if they are used in aqueous media, the surfaces of their supports 
can be taken as behaving just like an aqueous solution. To put it another way, neither adsorption nor repellency 
takes place through electrostatic force other than their ionic interaction with what is ion-exchanged. Therefore, 
such ion-exchangers have a great advantage of being able to control in an easy operation the adsorption and 
elution of matter, even though it is a sterically sophisticated biopolymer such as protein or lipid, in which one 

35 molecule includes hydrophilic and hydrophobic moieties with the electrostatic force therebetween being well 
balanced in an aqueous system. This is because no interaction but three types of electrostatic force takes place 
between three sets of polymer and water polymer and functional groups the ion exchangers have; and func- 
tional groups the ion exchangers have and water. 

Such ion exchangers based on cellulose supports are now commercialized in sheet (planar and filter 

w sheets), powdery, granular and gel-like forms. 



to achieve the mass-culture of cells in particular, every possible means is now used to increase the surface 
area per culture volume, thereby increasing productivity. Of these means, the most standard of all is a micro- 

45 carrier culture technique, according to which microcarriers, each having a relatively large surface area, are 
suspended in a culture medium to increase the culture area available per culture volume to a maximum. The 
microcarriers, designed to culture animal cells, are obtained by forming polymers such as polysaccharides or 
polystyrene into beads having a particle size of 100 to 300 urn, on which the cells are to be immobilized. For 
promoting deposition of ceils onto the microcarriers, they may be either coated thereon with collagen or pos- 

50 itively charged by chemical synthesis. The former collagen type of carrier has an advantage of showing higher 
bioaff inity than does naturally occurring collagen, whereas the latter charge type of carrier has several ad- 
vantages of being able to immobilize floating cells which cannot otherwise be fixed in place and capable of 
being repeatedly used after the removal of cells using such enzymes as a protease etc. Thus, both types of 
carriers may be selectively used depending upon what they are used for. The charge type of carrier is prepared 

55 by the introduction of ternary amino groups represented by a diethylaminoethyl group or quaternary amino 
groups as cations, typically available in the trade names of Cytodex 1 and Cytodex 2 made by Pharmacia Co., 
Ltd. 

Having only limited use in view of morphology, currently available cellulose ion exchangers may be used 
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on laboratorial scales but have a disadvantage of being often unsuitedfor use at an industrially extensive scale. 

In brief, sheet-form ion exchangers are used in such a way that paper filters are used. For instance, they 
have been primarily employed as the immobilizing layers for paper chromatography. They may also be used 
possibly in another way; they may be packed in columns through which fluids flow for ion exchange, wherein 
an ultrafiltration membrane would be spirally wound as the immobilizing film for the so-called column chroma- 
tography. However, experience teaches that they cannot be used for that purpose, since there is possibility 
that the film may break for lack of strength and by the force generated by the flowing of f iuids. 

Even when they are applied to filtration according to the average procedure of using paper filters, it is im- 
possible to make the filtration area larger than the required space, if they are used in a planar form, thus failing 
to increase the ion exchange capacity. For this reason, they cannot be used without subjecting them to special 
morphological treatments. 

Powdery ion exchangers may possibly be used as the fixed layerfor thin-layer chromatography. However, 
such use has been rarely made for the fixed layer for column chromatography, in which they are packed for 
the ion exchange of a sample fluid, because the size of the particles renders it impossible to increase the flow 
rate of the sample fluid and to enhance the ion exchange efficiency. 

The powdery ion exchangers are also ill suited for use with the so-called batchwise systems wherein they 
are put directly into a sample fluid to be ion exchanged, thereby selectively adsorbing the required substances 
from the sample fluid. This is because not only is the recovery of the necessary substances timeconsuming 
but their washing takes too much time as well. 

Thus, these two types of ion exchangers may have found their use for analytical purposes alone, as there 
is clear-cut evidence that they are not well fit for use at an extensive scales. 

On theotherhand, granular or gel-form ion exchangers have been primarily used as chromatographicfixed 
layers in which they are packed, or for selectively adsorbing the required substances from a sample fluid in 
which they are put. However, their use is limited to narrow conditions (to such low flow rates so as not to pro- 
duce pressure in a state of low ionic strength) because of the following demerits. For one thing, they are crush- 
ed flat due to their low physical strength when they receive the pressure or shear force generated by increased 
flow rates or stirring; for another, they are likely to contract or change in diameter when sample fluids of high 
ionic strength are used with them, giving rise to changes in their packing in columns and to channeling. 

From the practical standpoint, limited use is not desirable, since it makes little contribution to the advance- 
ment of technology. Specifically when a certain type of technology has limitations to scaling up, there is only 
limited use, e.g. analytical use, making poor its future industrial prospects. 

Turning now to animal cell culture carriers, the most popular standard ones are a microcarrier having such 
a large surface area as to mass culture cells. However, that microcarrier is still less satisfactory in terms of 
the surface area. Thus, there is a strong demand among various animal cell-related industries for the devel- 
opment of a carrier enabling cell culture to be carried out at much higher densities. Moreover, when microcar- 
riers are used with turbulently flowing culture solutions or excessively packed in culture solutions, there is an 
increased chance of their colliding with one another with large impact, so thatthe immobilized cells suffer dam- 
age to such an extent that they cannot survive. In the case of microcarriers, these problems are attributable 
to the fact that it is only their surfaces, not at some place in them, where cell immobilization takes place. 

From US-A-433291 6 there are known ion-exchange polymers suitable for the recovery, concentration and 



to chopped pieces of sponge. 

FR-A-1 297504 describes a process for the production of similar cellulose sponge ion-exchange materials, 
preferably in the form of sheets, diaphragms or block pieces. 

EP 04201 71 Al relates to a carrierfor culturing animal cells which carrier comprises a ground matrix having 
a three-dimensional network structure and being coated with a fibrous protein like collagen or gelatin. Said 
matrix may consist of cellulose foam, but no crosslinkable polymer having ion-exchange sites thereon is linked 
therewith. 

Taken altogether, we have reached the conclusion thatthe basic defects of cellulose ion exchangers and 
animal cell culture carriers can all stem from their morphological construction. 

SUMMARY OF THE INVENTION 

A main object of this invention is to overcome the problems with the prior art cellulose ion exchangers and 
animal cell culture carriers so far put to practical use and commercialized, that they are clumsy and used on 
only limited scales, by providing a new version of material which can be applied to industrial purposes at an 
extensive scale. 
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In order to achieve this object, we have studied a cellulose support having the following features: 

(1) Easy to handle, 

(2) Excelling in water permeability, 

(3) Having a larger surface area per unit weight, and 
5 (4) Having an increased physical strength. 

As 3 result of researches and investigation, we have now found that an open-pore foamed cellulose ma- 
terial is effective for such a cellulose support. 

The material according to this invention may be prepared by mixing small amounts of reinforcements and 
cell-forming crystalline substances with viscose obtained by chemical treatments of high-purity pulp made from 

10 wood and putting the mixture in a mold wherein it is heated and then cooled down for solidification, alternatively 
adding the mixture dropwise into a solidifying liquid, thereby obtaining beads. 

With the thus obtained open-pore foamed cellulose material, the following features can be obtained. 
By using this material as an ion exchanger support, it is possible to facilitate separation of liquid from the 
ion exchanger. Moreover, it is possible to use the ion exchanger in a batchwise manner because of standing 

15 up to pressure increases with an increase in flow rates and shear force generated by stirring and to realize a 
more increased ion exchange capacity through its increased surface area. 

By using this material as an animal cell culture carrier support, it is possible to provide a rapid feeding of 
nutrients and oxygen from a culture solution to cells. This is because the culture solution penetrate easily 
through the carrier by way of a number of continuously crisscrossed fine pores. In this case, however, the pore 

20 diameter should be regulated to 0.1 to 1.7 mm. On the other hand, spodogenous matters produced by cells 
can be so rapidly removed that the cells can grow not only on the carrier but also all through the carrier. Such 
a particular constructional feature enables the specific surface area to be about 1 0 times greater than that of 
the conventional microcarrier, only the surface of which is available for cell deposition, thus making it possible 
to immobilize cells at much higher densities. This spongy open-pore foamed construction also protects cells 

25 within it, absorbing impacts produced by collisions among the bead carriers. Thus, it is very unlikely that cells 
may suffer damages by collisions among the bead carriers caused by the flowing of a culture solution. Like- 
wise, that construction protects cells against a large shear force occurring in an incubator such as a spinner 
flask, so that its revolutions per minute can be increased until sufficient flow rates are achieved. Such effects 
make it possible to pack the present carriers at a density higher than has been possible with conventional car- 

30 riers. 

The cellulose forming part of the open-pore foamed cellulose material is of a surface hydrophilic nature 
so strong that its surface can behave just like an aqueous solution, if it is used in an aqueous system, and 
shows a favorable affinity to biopolymers such as proteins and cells. In addition, since the cellulose contains 
a variety of hydroxyl groups in its molecules and presents a structure well-suited for introducing various func- 

35 tional groups therein, cellulose ion exchangers and animal cell culture carriers can be easily obtained from cel- 
lulose by introducing ion-exchangeable functional groups therein. The ion-exchangeable functional groups, for 
instance, include groups containing one nitrogen atom such as primary, secondary, tertiary amine groups and 
quaternary ammonium groups represented by aminoethyl, diethylamino and triethylamino groups as well as 
cyano, thiocyanato and hydroxyamino groups; groups containing two or more nitrogen atoms such as those 

40 represented by ureido, amidino, guanidino and polyethyleneimine groups, heterocyclic groups represented by 

by carboxymethyl and iminodiacetic acid groups, heterocyclic groups represented by afuryl group, cyclic ether 
represented by 1 8-crown-6 and carbonyl groups represented by a hydroxamic acid group; phosphorus atom- 

45 containing groups such as those represented by a phospho group; groups containing one sulfur atom such as 
those represented by mercapto and sulfo groups; and groups containing two sulfur atoms such as those rep- 
resented by a dithiocarboxy group and heterocyclic groups such as those represented by a thienyl group. 

Of these ion exchangeable functional groups, it is a polyethyleneimine group - formulated below - that is 
best-suited for the animal cell culture carrier of this invention. 

50 {-QzH^Nt-^-NHd-C 2H4-NH-} n (1) 

Polyethyleneimine is a transparent, viscous, water- soluble polymer obtained by polymerization in the pres- 
ence of an acid catalyst and having a highly branched tree structure. Reference is here made to the reasons 
why the polyethyleneimine group is the best-suited functional group to be introduced in the animal cell culture 
carrier of this invention. For one thing, it can improve cell deposition by the feature to be described later for 

55 another, it can minimize an adverse influence that synthetic ion exchangeable functional groups have on cells. 
In other words, it is desired that the amount of non-natural or synthetic functional groups to be introduced be 
reduced as much as possible. Polyethyleneimine, which has the highest ionization density among existing poly- 
mer materials, is capable of receiving cells in the least amount, and is said to be a more cell-receptive but less 
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cytotoxic carrier for carrying animal cells. Straight-chain functional groups are likely to dissolve in a culture 
solution when their molecular chains are damaged and cut off, because they are eluted at one end not bonded 
to carriers. Due to its branched structure in which its terminals are all bonded to carriers, however, the poly- 
ethyleneimine group is hardly set free. Referring on the one hand to functional groups introduced in ordinary 

5 microcarriers, monomers or dinners of ternary or quaternary amino groups are so bonded together that low- 
molecular weight straight-chains can extend from the carriers. Once the bonded regions have been damaged 
and broken for some unknown reasons, the functional groups may be iiberated, producing an adverse influence 
upon the growth of cells. Referring on the other hand to low-molecular weight functional groups introduced in 
usual microcarriers, their molecular chains extending from the carriers are so short that charges are distributed 

10 on the carriers' surfaces alone. Thus, the adsorption space required for immobilizing cells onto the carriers is 
limited to the carriers' surfaces alone. By contrast, polyethyleneimine is allowed to be present not only on the 
surface of the carrier material but also in a space more or less separate from the carriers, leading to an im- 
provement in adsorption efficiency and so resulting in an increase in capability of receiving cells. 

Making use of their adsorptivity, ion exchangers are used for recovering valuable matter, removing impur- 

15 ities, discoloration and other purposes. The open-pore foamed cellulose ion exchanger of this invention is char- 
acterized by standing up to industrial use. In addition, it may possibly find use not only in general chemical 
industries but in food industries as well, since naturally occurring materials used as the starting materials are 
excellent in terms of bioaff inity and toxically harmless. One example of the open-pore foamed cellulose ion 
exchanger of this invention is ECTEOLA cellulose having triethanoiamino groups introduced in it. Generally 

20 available ECTEOLA cellulose has a total exchange capacity of 0.2 to 0.4 meq/g, but the ECTEOLA cellulose 
of this invention shows a total exchange capacity as high as 1.0 meq/g. 



The present invention will now be explained specifically but not exclusively with reference to some exam- 
ples in which the ECTEOLA/open-pore foamed cellulose combination is used. 



Example 1 



30 Protein Adsorption Test 

Prior to experimentation, an OH type of ECTEOLA/cellulose ion exchanger sample is provided. 
A precisely weighed 1 g of the undried ECTEOLA/cellulose open-pore foamed sample is placed in an open 
column, which is then treated with a total amount of 1 liter of 2N-NaOH for 2 hours. After the completion of 
35 that treatment, NaOH residues in the column are flushed away, and deionized water washing is repeated until 
the washings show no alkaline sign. The thus treated sample is used for subsequent testing, while remaining 
undried. 

Apart from this, a precisely measured constant amount of the sample is dried at 1 05 "c for 6 hours to find 
the weight of the dried matter. The water content is then found by the following equation: 
40 Water Content = (Weight Before Drying - Weight After Drying)/(Weight Before Drying) 



Forty (40) mi of the 0.1 % albumin solution are poured in each of two 100-m£ volume flasks, one of which 
is used as a blank. Put in another flask is the OH type of the sample. 
45 After gentle stirring, the flasks are allowed to stand overnight. The carriers are treated through a glass 

filter and washed with several portions of deionized water. After that, the filtrate combined with the washings 
is regulated with 0.1 N HC? to pH 6.0 to measure their total liquid weight 

The absorbances of the blank and test solution are measured by colorimetry at 280 nm. The adsorptivity 
is then found by the following equations. 
50 Amount of Protein Not Adsorbed (mg) = (Absorbance Of Testing Liquid/ Absorbance of Blank) x Total Liq- 
uid Weight (mt) x 1 mg/mf . 

Adsorption (mg) = (Amount of Protein Before Adsorption in 1 mg/mf x 40 ml) - (Amount of Protein Not Ad- 
sorbed). 

55 

Protein Adsorptivity (mg protein/g dry weight) = (Adsorption in mg)/(Weight of Sample (g) x (1 - Water 
Content) 

The results of experimentation are reported in below. 
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Weight of the sample used 
Absorbance of blank 
Absorbance of the test liquid 
Total weight of the test liquid 



0.7233 g 
0.4838 (Abs280nm) 
0 . 1693 
85 . 5 raj 



Sample for measuring water content 
Weight before drying 



0 . 2808 g 
0.101 



Weight after drying 
Water content 



Adsorption 10.7 mg 

Albumin absorptivity 16.4 mg albumin/g sample (d.W.) 



Example 2 

25 Polypeptide Adsorption Test 

Polypeptone (made by Nippon Seiyaku K.K.) is dissolved in deionized water and regulated to a concen- 
tration of 0.25 % (w/v) at about pH 6.9. 

Eighty (80) mi of the 0.25 % polypeptone solution are poured in each of two 100-m? volume flasks, one 
30 of which is used as a blank. Put in another flask is the OH type of sample. 

After gentle stirring, the flasks are allowed to stand overnight. The carriers are treated through a glass 
filter and washed with several portions of deionized water. After that, the filtrate combined with the washings 
is regulated with 0.1 N HCf to pH 7.0 to measure their total weight. By colorimetry, the absorbances of the 
blank and test liquid are measured at 280 nm to calculate their adsorptivities according to the procedure of 
35 Example 1. 

The results are reported below. 



55 
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Weight of the sample used 0.2004 g 

Absorbance of blank 1.3342 (Abs280nm) 

Absorbance of the test liquid 0.7493 

Total weight of the test liquid 13 2 mj} 

Sample for measuring water content 

Weight before drying 0.2550 g 

Weight after drying o. 2327 g 

Water content 0.08 7 

Adsorption 14.7 mg 

Polypeptone Adsorpt i v.i ty 

80.3 ng polypeptone/g sample (d.W.) 

Example 3 

Amino Acid Adsorption Test 

An amino acid brandnamed as L-Tylosine (made by Wako Junyaku K.K.) is dissolved in a small amount 
of 0.1 N sodium hydroxide and then dissolved in deionized water to a concentration of 0.0625 % (w/v). The pH 
of the solution, which varies more or less depending upon the amount of sodium hydroxide, lies in the range 
of 11.5 to 12. 

Eighty (80) ml of the 0.0625 % Tylosine solution are poured in each of two 100-mt' volume flasks, one of 
which is used as a blank. Put in another flask is the OH type of sample. 

After gentle stirring, the flasks are allowed to stand overnight. The carriers are treated through a glass 
filter and washed with several portions of deionized water. After that, the filtrate combined with the washings 
is regulated to pH 11.5 to 12 to measure their total weight. 

By colorimetry, the absorbances of the blank and test liquid are measured at 293 nm to calculate their 
adsorptivities according to the procedure of Example 1. 

The results are reported below. 



45 



50 



55 
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Weight of the sample used 0.3988 g 

5 Absorbance of blank 0,7751 (Abs293nni) 

Absorbance of the test liquid 0.4526 
io Total weight of the test liquid 130 mjj 

Sample for measuring water content 

Weight before drying 0 . 2550 g 
15 Weight after drying 0.2327 g 

Water content 0 ■ 087 

Adsorption 2.6 ng 

20 

Amino Acid Adsorptivity 

7.0 mg Tylosine/g sample (d.W.) 

25 

Example 4 

Pigment Adsorption Test 

30 Tests were performed with commercially available food pigments (esculent blue and red) having the fol- 

lowing components. 

Esculent Blue (made by Ogura Shokuhin Kako K.K.) 
Esculent Blue No. 1 5 % 

Esculent Yellow No. 4 3 % 
35 Dextrin 92 % 

Esculent Red (made by Ogura Shokuhin Kako K.K.) 
Esculent Red No. 3 7 % 
Dextrin 93 % 

The esculent blue and red pigments are both dissolved in deionized water to a concentration of 0.25 % 

40 (W/V). „ 

°™ AftoMrJe"!^^^ ft* 2 or 3 days. The carriers are treated through a 

qlass filter and washed with several portions of deionized water to remove portions of the pigments not ad- 
45 sorbed. The filtrate is combined with the washings to prepare a test liquid, the total weight of which is then 

mea By f Sorimetry, the absorbances of the blank and test liquid are measured to calculate their adsorptivities 
according to the procedures of Example 1. 

Absorbance determination is carried out at 630 nm with Esculent Blue No. 1 and at 410 nm wrth Esculent 
so Yellow No. 4 for the food blue pigment and at 526 nm with Esculent Red No. 3 for the food red pigment 
The results are set out below. 

Esculent Blue 

55 Weight of the sample used 0.041 5 g 

Total weight of the test liquid 1 80 mt 
Blue No. 1 

Blank Absorbance 1 5.07 (Abs. 630 nm) 
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Absorbance of the test liquid 13.34 
Yellow No. 4 

Blank Absorbance 4.03 (Abs.410 nm) 

Absorbance of the test liquid 2.577 

5 

Esculent Red 

Weight of the sample used 0.041 5 g 

Total weight of the test liquid 180 ml 

10 Red No. 3 

Blank Absorbance 14.87 (Abs.526 nm) 

Absorbance of the test liquid 6.24 

Sample for measuring water content 

Weight before drying 0.2099g 
is Weight after drying 0.1928 g 

Water content 0 . 081 

20 Adsorption of Blue No . 1 3.4 ig 

Adsorption of Yellow No . 4 6 . 5 ag 

Adsorption of Esculent Blue 
25 (Adsorptions of Blue No. 1 + Yellow No. 4) 9.9 ag 

Adsorptivity of Esculent Red 25.5 mg 

so Adsorptivity of Esculent Blue Pigment 

259.6 mg pigment/g sample (d.W.) 

Adsorptivity of Esculent Red Pigment 
35 673.1 mg pigment/g sample (d.W.) 

Examples 5-9 are given for the purpose of showing some embodiments of the animal cell culture carrier 
according to this invention. However, it is understood that the present invention is not limited thereto whatso- 



Polyethyteneimine was covalently bonded to a marcerized. open-pore foamed cellulose material by way 
45 of epichlorohydrin to prepare an animal cell culture carrier material. The polyethyleneimine used had a molec- 
ular weight of 10.000, and the foamed cellulose material used was cut into a cubic piece having a 1 mm side, 
the size suitable for cell culture, (made by Sakai Engineering Co., Ltd.). 



Example 6 

To obtain an animal cell culture carrier material or an ECTEOLA/cellulose combination, triethanolamine 
was covalently bonded to a mercerized, open-cell foamed cellulose material via epichlorohydrin. The foamed 
cellulose material used was cut into the same size as referred to in Example 5. 



55 Example 7 

A mercerized, open- pore foamed cellulose material was allowed to react with monochloroaceticacid to pre- 
pare an animal cell culture carrier material with the carboxymethyl groups introduced in it The foamed cellulose 
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material was cut into the same size as referred to in Example 5. 
Example 8 

5 A mercerized, open-pore foamed cellulose material was allowed to react with monochloroacetic acid into 

carboxymethylcellulose, in which polyethyleneimine was then introduced by electrostatic attraction, thereby 
preparing an animai ceii cuiture carrier materiai. The polyethyleneimine used had a molecular weight of 70,000, 
and the open-pore cellulose material used was cut into the same size as referred to in Example 5. 

10 Example 9 

An open-pore foamed cellulose material was cut into a cubic piece having a 3-mm side, and was then 
formed into an animal cell culture carrier material by following the procedure of Example 5. 



15 Comparative Example 1 

As an animal cell culture carrier material, use was made of Cytodex2 made by Pharmacia Co., Ltd. in which 
N,N,N-trimethyl-2-hydroxy-aminopropyl groups were introduced onto the surfaces of crosslinked dextran 
beads. 



Comparative Example 2 

As an animal cell culture carrier material, use was made of Dormacel 1 made by Pfeifer & Langen Co., 
Ltd. in which dimers of diethylamino groups were introduced onto the surfaces of crosslinked dextran beads. 

25 

Illustrative Embodiments 

Cell culture was performed with the carrier materials of Examples 5-9 and Comparative Examples 1-2. 
The number of immobilized cells and the concentration of valuable matters produced by them were determined 
30 after their proliferation had reached a steady state. 

The number of cells were found by an erythrocytometer after the treatment of the carriers with trypsin. 
The media used were E-RDFs made by Kyokuto Seiyaku K.K., which received additionally cell proliferation 
promotors such as insulin, ethanolamine, transferrin and selenium. Immobilization zeroed on fibroblast and 
floating cells. The fibroblasts used were mouse L929 cell lines in which human erythropoietin genes (herein- 
35 after EPO for short), and the floating cells used were antibody-producing mouse hybridoma 16-3F cell lines. 

Experimentation relied upon stationary cuiture on petri plates and continuous culture in a transverse, in- 
ternal cylinder revolution type of bioreactor (made by Sakai Engineering Co., Ltd.). For the bioreactor culture, 
the carrier were packed at 15 % per volume of the culture solution. 

40 Experimental Results 



density cell immobilization and much higher productivity than do the conventional carrier. 



20 
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Table 1 Densities of fibroblasts and concentration of EPO 
5 produced thereby. 

(Cell density cells/ml) 
(Concentration of EPO U/ml) 

10 





Cell density on 
petri plates 


Bioreactor 
Cell density Concentration 






of EPO 


Example 5 


8. 3 x 10 6 


7 

1.6 x 10 


6.5 


Example 6 


2.2 x 10 6 


5.6 X 10 6 


2 . 1 


Example 7 


1.5 x 10 6 


5.0 x 10 5 


2.0 


Example 8 


3.3 x 10 6 


9.4 X 10 6 


3.8 


Example 9 


7.5 X 10 6 


1 .8 X 10 7 


5 . 6 


Comparative 
Example 1 


8.8 X 10 5 


1 . 8 X 10 6 | 1.1 


Comparat ive 
Example 2 


1.7 X 10 S 


1.6 x 10 S ! 0.9 

i 



35 



40 
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Table 2 Density of floating cells and concentration of 
antibody produced thereby. 
(Cell density ceils/mi; 
(Concentration of antibody mg/ml) 





Cell density on 
petri plates 


Bioreactor 
Cell density Concentration 






of antibody 


Example 5 


1 .3 x io 7 


8.5 x io 7 


10 


Example 5 


4.1 x 10 6 


4.0 x io 7 


5 


Example 7 


2.3 x io 5 


5.0 x io 5 


3 


Example 3 


3.9 x 10 5 


9.4 x 10 6 


6 


Example 9 


a . 4 x io 5 


7.0 x 10 7 


10 


Comparative 
Example 1 


4.4 X 10 5 


2.8 x 10 5 


0 


Ccaiparat ive 
Example 2 


2 . 3 X 10 5 


5 . 2 X 10 4 


0 



35 EFFECT OF THE INVENTION 

As recounted above, we have successfully achieved an ion exchanger easy to handle, showing a much 
higher ion exchange capacity per unit weight and having a much larger surface area and a much higher physical 
strength by using an open-pore foamed cellulose material with ion-exchangeable functional groups introduced 
40 in it. 

We have also achieved an animal cell culture carrier material nnahlinn call immnhili7atii->n tn ha carriwl 

oest-suitea tor animal ceils. Due to its specific construction, the present carrier material enables cells to be 
protected against physical impacts and media around cells to be rapidly metabolized, thus making it possible 
45 to effect mass-culture under severe conditions for it Thus, the present carrier material can be used with diverse 
cell culture processes depending upon what they are industrially utilized for. 



An ultra-lightweight, open-pore foamed cellulose material with ion exchangeable functional groups intro- 
duced in it, comprising a specific surface area of 1.0 to 10.0 m 2 /g and a uniform particle size of from 0.5 
to 12.0 mm. 

A cellulose material as claimed in Claim 1, wherein it presents a three-dimensional network structure 
which, upon swelling, has a mean pore diameter of 0.1 to 1.7 mm, a true density of 1.4 to 1.6 g/cm 3 and 
a porosity of 90% or greater. 
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3 " "XnSSr imed ^ C ' aim 1 ° f 2> Wherein ^ eXChan9eable *™*»« are ca- 
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de 1 ,4 a 1,6 g/cnv» et un taux de porosite de 90 % ou plus. aensite reeile 
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